The binding of five polycyclic aromatic hydrocarbons (PAH) (anthracene (A), benzo(a)anthracene (BA), dibenz(a,h)anthracene (DBA), benzo(a)pyrene (BP) and 7,12-dimethylbenz(a)anthracene (DMBA)) to calf thymus'DNA and synthetic polyribonucleotides was studied. Binding was mediated by near-ultraviolet (NUV) irradiation and 3-methylcholanthrene-induced microsomes from rat liver, in order to compare the effectiveness of these two activating systems in forming in vitro intermediates capable of binding covalently to nucleic acids. With NUV irradiation, an interaction among PAH and nucleic acids was obtained regardless of the PAH or the nucleic acid employed. The effectiveness of this activating system was higher (between 1 to 2 orders of magnitude) than that shown by induced microsomes. The enzymatic pathway bioactivated all PAH, except A, to interact with DNA. Therefore, a certain degree of correlation between the extent of DNA binding and oncogenic potency of the chemicals seemed to exist. Polynucleotide labeling was always higher than DNA labeling.
INTRODUCTION
Polycyclic aromatic hydrocarbons (PAH) are environmental pollutants able to induce neoplastic transformation (I). In vivo, they can bind covalently to cellular nucleophilic targets only after metabolic activation. In vitro, an activation of PAH can be achieved by either physico-chemical (2) or biological (3) systems. The mechanism by which the first type of activation occurs seems to include, in the case of BP, the production of phenoxy radicals (4). whereas phenolic and epoxide hydrocarbon derivatives are the reactive in-* Presented at the Second International Symposium Sponsored bv the Universities of Sassari and Canliari. Session 111:
termediates produced by-the microsomal pathway (5) .
The aim of this work is to determine if a correlation exists between photoinduced and microsome-mediated binding in vitro of PAH to nucleic acids.
MATERIALS AND METHODS
[g-l'clanthracene (A), [12-"C]benz(a)anthracene (BA), [7-"C]dibenz(a,h)-anthracene (DBA), [7,10-"C]benzo(a)pyrene (BP) and 7,12 -dime thy1 -[ 12-1'C benz(a) a n t hracene Centre, Amersham, U.K. The specific activitites were prepared to 8.3 mCi/mmol before use. Unlabeled PAH, DNA, polyribonucleo-(DMBA) were purchase d from Radiochemical " h f e t a b h n of Chemical Carcinogens and &ucntial Analysis", October 12-15, 1983. Alghero. Italy.
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tides and NADPH ivere obtained from Sigma Chemical Co., St. Louis, Mo. Other chemicals were of analytical grade. The near-ultraviolet (NUV) irradiation was provided by a Hanau Q-400 (FRG) mean pressure vapour lamp and a Sovirel filter (310-395 nm, Xmax 365 nm). A mixture consisting of 4 mg DNA or polynucleotide, dissolved in 1.98 ml 0.1 M NaC1-0.025 M Tris-0.001 M EDTA (pH 7.0), and 4 pCi "C-labeled hydrocarbon, dissolved in 20 pl dimethylsulfoxide, was placed into a closed spectrophotometer quartz cell (thickness: 1 cm) at a distance of 35 cm from the ultraviolet (UV) source. Irradiation was with air interface at 22 If: O.2"C in the dark for 0 or 1 hour by removing, successively, 1 ml-aliquots: zero time irradiation values served as control values (blanks). The incident light, measured by a ferric oxalate actinometer (6), was in the order of 1,790 J/cm'/min. All experiments were performed in duplicate. After irradiation, unbound PAH was removed from aqueous solution by 3 successive extractions with an equal volume of buffer-saturated phenol and 2 extractions with buffer-saturated ethyl ether (7) . DNA was then precipitated by adding 2-3 vol. of cold ethanol to the aqueous layer in the presence of sodium acetate. The precipitate was washed with 96% ethanol, absolute ethanol and ether until no radioactivity was present in the supernatants. The DNA fraction was dried and redissolved in buffer to assess its labeling. Polynucleotide labeling was directly measured in the aqueous layer 'after having performed the 5 extractions described above. Specific activity of nucleic acids was measured by a liquid scintillation technique: DNA and polynucleotides were quantitated at and by the diphenylamine reaction (8) , and at AZE0, respectively.
Induced liver microsomes were prepared (9) from male Wistar rats (weighing about 300 g) which had been i.p. treated with %methylcholanthrene (5 mg in 0.5 ml corn oil) 24 hours before killing. Microsomes were suspended in 0.25 M sucrose at a protein concentration of 0.67 mg/ml and stored at -30°C overnight. Two pCi of "C-labeled PAH, 2 mg of DNA or polynucleotide, 1 ml of either microsomal suspension or 0.25 M sucrose (controls) and 2 mg NADPH, dissolved in 0.25 M Tris pH 7.5 to a final volume of 3 ml, were incubated in duplicate at 37 k 1 "C for 1 hour in the dark. Incubation was stopped by chilling at O'C, microsomes were sedimented by centrifugation at 105,000 X g for 1 hour at 0°C and DNA or polyribonucleotide labeling was determined as described for NUV-medi-ated interaction. Purity of nucleic acids was controlled and protein contaminations were always monitored by colorimetric assay (10) .
RESULTS AND DISCUSSION
The whole pattern of PAH interaction with DNA and polynucleotides after 1 hour-reaction is shown in fig. 1 , where the binding data are reported as mean of two values differing from each other by less than 7.0%. These values are net binding data, since zero timeirradiation values and blank values obtained in the absence of microsomes were always subtracted from the total binding (raw data) measured after NUV irradiation and micro-soma1 activation, respectively. It appears that DNA labeling obtained with NUV irradiation was higher (1-2 orders of magnitude) than that obtained with microsomal activation. With the first type of activation, involving the formation of either free radicals (7) , and/ or reactive alkylating intermediates I l l ) , the labeling of BA, a weak carcinogen (12) , was the highest and nearly two-fold as high as that of DMBA, a powerful oncogen, and of A, a non-carcinogenic compound which exerts oncogenic action under UV irradiation (13) . However, DNA labeling after photoactivation of BP and DBA was the lowest. When PAH were bioactivated by microsomes, a completely different pattern appeared since the highest DNA labeling was obtained with DMBA whereas A did not bind to DNA. A certain degree of correlation between the extent of DNA binding and PAH carcinogenicity seems, therefore, to exist while BA was the only exception. The same could not be found for NU V-m e d i a t ed interact io-ns .
PAH reactivity towards polynucleotides under NUV irradiation was as follows: A>BA>DBA-BP-DMBA.
Poly(U) labeling was generally significantly higher but the involvement of poly(G) in the binding process increased with respect to other polynucleotides when passing from compounds biologically classified as non-oncogenic to those capable of exerting strong carcinogenic effects. In fact, poly(G) was the best substrate for NUV-mediated interactions of DMBA and BP including the preferential binding of BP to poly(G), shown also by Meehan et al. (14) . With microsome-mediated PAH activation, poly(G) is the most highly labeled polynucleotide. This agrees with previous data on BP interactions (15) . The decreasing order of polynucleotide binding was poly(G)>poly-(A)>poly(C)>poly(U) and DMBA and A were Vol. 12 In parentheses is given the evaluation of the oncogenic potency of PAH according to lball (12) and Pullman and Pullman (16) . Data are expressed as mean of two net values (total(raw)binding-blank) differing from each other by less than 7.0%: a microsome-mediated interaction of A to DNA is undetectable. See text for further explanation.
the compounds which gave rise to the highest binding indices. Thus, a clear indication that the steric hindrance of the nucleic acid acceptor, as well as the activating system, plays a significant role in determining the extent of interaction of A, which in the presence of microsomes does not bind to DNA, although capable of interacting with polyribonucleotides.
The properties of double-stranded DNA polymer in solution could account for the extent of DNA binding which is, on the whole lower than that of polynucleotides. When testing polynucleotides, NUV irradiation was 188 PROD1 ET AL TOXICOLOGIC PATHOLOGY more efficient than microsomal pathway.
Statistically, it appears that these two activating systems are unrelated in performing the covalent interaction of each single PAH to various nucleic acids. The only exception being BP-binding to DNA and poly(U). This last substrate exhibited the highest degree of variability in binding process under PAH pho t oac tiva tion.
In conclusion, PAH were activated by both NUV irradiation and the microsomal pathway. Photoactivation appeared to be a more efficient system. Nevertheless, the two processes are not correlated and probably give rise to different proximate compounds. Since the interaction of oncogenic compounds with DNA is a crucial event in carcinogenesis, the activation of PAH by UV light, in the environment may require forms capable of binding to DNA that could be reIevant in respiratory tract tumorigenesis.
